Three lysine auxotrophs, strains AU363, 7305d, and 8201-7A, were investigated genetically and biochemically to determine their gene loci, biochemical lesions, and roles in the lysine biosynthesis of Saccharomynces cerevisiae. These mutants were leaky and blocked after the s-aminoadipate step.
Lysine is synthesized in the facultative yeast Saccharom'yces cerevisiae by the cx-aminoadipate (AA) pathways characteristic of higher fungi and blue-green algae (1, 11, 21, 23) . Lysine auxotrophs blocked in the AA pathway have provided considerable evidence for elucidating the genetic and biochemical basis of this pathway in Neiurospora crassai (1, 22) , Saccharomycopsis lipolytica (8) , Rhodotoruikla gliitinis (12) , and S. cerei'isiae (1, 2, 9, 10) . More than eight lysine loci for eight enzyme steps have been identified by complementation and recombination analysis in S. cerevisiae (1, 3, 9) and S. lipolytica (8) .
Mutants belonging to five different complementation groups of S. cerevisiae are blocked between the AA step and lysine ( Fig. 1 ). Iys2 and IysS mutants lack the at-aminoadipate-semialdehyde (ASA) dehydrogenase (EC 1.2.1.31), commonly known as the AA reductase (2, 5, 10, 19) , and lvsl mutants lack the saccharopine dehydrogenase (lysine-forming; EC 1.5.1.7) activity (2, 10) . Saccharopine dehydrogenase (glutamate-forming; EC 1.5.1.10), commonly known as saccharopine reductase, catalyzes the conversion of ASA to saccharopine (1, 6, 10, 20) . This enzyme has been partially purified and shown to exhibit two distinct pH optima for the forward (pH 7.0) and reverse (pH 9.5) reactions (1, 10 (17, 19) . Prototrophic strain X2180 and a Iysl4 mutant served as negative and positive controls, respectively. Accumulation of ASA was also determined in liquid cultures.
Prototrophic cells for enzyme assays were grown in liquid MM, and the mutant cells were grown in MM supplemented with 20 V.g of lysine per ml. Crude enzyme preparations, desalting of extracts, and the determination of protein were performed according to published procedures (7, 19, 24) . The AA reductase activity was assayed by the method originally described by Sagisaka and Shimura (17) and later by Larson et al. (13) . The reaction mixture and the assay procedure have been described previously (20, 24) . Saccharopine reductase activity was assayed in the reverse direction according to the method described by Jones and Broquist (10, 20) . The reaction mixture consisted of 2.5 mM saccharopine, 0.25 mM NAD, 400 mM Tris-hydrochloride buffer (pH 9.0), and crude enzyme preparation in a final volume of 1 ml.
The control tube lacked NAD. The mixture was incubated for 2 h at 30°C, and the formation of ASA and p-dimethylaminobenzaldehyde adduct was determined as described for the AA reductase assay (19, 24 nase (lysine-forming) activity was assayed in the reverse direction (10) . The reaction mixture and the assay procedures have been described previously (20, 24) .
Lysine auxotrophs blocked between AA and lysine were initially identified by their inability to grow recombinant tetrads resulted. Results from recombination studies based on tetrad analysis confirmed that all three lysI4 mutations belong to the same locus and that the lysl4 locus is unlinked to the other lysine loci examined.
The prototrophic strain X2180 and lys2 as well as lysS mutants did not accumulate any ASA; however, mutants blocked after this step, including lysl4 strains, accumulated significant amounts of ASA, with 8103-21C (lys9) showing the maximum accumulation (Table 3 ). lys2 and lysS mutants exhibited little or no AA reductase activity, a lysl and three lysJ4 strains exhibited normal activity, and lys9 strains exhibited significantly higher levels of this activity compared to the prototrophic strain X2180 (Table 3 ) (M. K. Winston and J. K. Bhattacharjee, manuscript in preparation). A significant saccharopine dehydrogenase activity was present in all lysl4 strains examined, but not in the Ivsl mutant. This activity was also significantly higher in lys9 mutants but significantly lower in Iys2 and lys5 mutants compared to the prototrophic strain. The saccharopine reductase activity was absent in lys9 strains and significantly reduced in lysl4 strains compared to the activity in the prototrophic strain X2180 (Table 3) . Results from the complementation and recombination experiments established Iys9 and lysl4 as two distinct loci. The accumulation data and enzyme activities indicate both to be blocked at the saccharopine reductase enzyme.
All three Lysl4 strains (7305d, AU363, and 8201-7A) used in this investigation were procured independently. Although mutant strain 7305d was used originally in general regulation studies (16) , the gene locus and biochemical block of this mutant were not known until now. In spite of leaky growth in the minimal medium, the lysl4 strains are considered mu- (4, 5, 24) . The lys9 and lysl3 mutations are concluded to be either the same or very tightly linked. Until evidence is found to the contrary, lys9 and Iysl3 will be designated as lys9 mutations. Although Hwang et al. (9) reported that lysl3 mapped on linkage group II and lys9 mapped on group XIII (the current map shows it on group XIV [15] ), the original strain representing the lys13 locus is not available to confirm its nonidentity to lys9. Obviously, the Iysi3 strain which we obtained from the collection of the late M. Ogur is not the same as that used in the original study of Hwang et al. (9) . Mutants carrying lys9 are already known to be blocked at saccharopine reductase enzyme (2, 6, 10, 19) . The need for LYS9 and LYS14, two unlinked genes, for the synthesis of this enzyme is noteworthy. Since the subunit composition of the pure enzyme is not known, both genes may function as structural genes for a heteropolymeric enzyme or one of the genes may be the structural gene (6, 11) and the other encode a positive regulatory protein required for the synthesis of a homopolymeric enzyme.
